Understanding microalgal lipid accumulation under nitrogen starvation is of major interest for biomass feedstock, food and biofuel production. Using a domesticated oleaginous algae Tisochrysis lutea, we performed the first comparative proteomic analysis on the wild type strain and a selected lipid overaccumulating mutant. 2-DE analysis was made on these strains cultured in two metabolic conditions, with and without nitrogen deprivation, which revealed significant differences in proteomes according to both strain and nitrogen availability. Mass spectrometry allowed us to identify 37 proteins that were differentially expressed between the two strains, and 17 proteins regulated by nitrogen starvation concomitantly with lipid accumulation. The proteins identified are known to be involved in various metabolic pathways including lipid, carbohydrate, amino acid, energy and pigment metabolisms, photosynthesis, protein translation, stress response and cell division. Four candidates were selected for possible implication in the over-accumulation of lipids during nitrogen starvation. These include the plastid beta-ketoacyl-ACP reductase protein, the coccolith scale associated protein and two glycoside hydrolases involved in biosynthesis of fatty acids, carbon homeostasis and carbohydrate catabolism, respectively. This proteomic study confirms the impact of nitrogen starvation on overall metabolism and provides new perspectives to study the lipid over-accumulation in the prymnesiophyte haptophyte T. lutea.
52
Enhancement of TAGs in most microalgae is known to be triggered by stress and nutrient 53 deprivation, particularly nitrogen deprivation [2, 8] . TAGs accumulate in lipid droplets and play roles in 54 carbon and energy storage, as a source of long chain PUFAs, and in photooxidation prevention [8] .
55
Because the increase of lipid production is of great biotechnological interest, one of the current 
65
Thereby, transcriptomics has been used to study the effects of nitrogen starvation in the 66 chlorophyceae Micractinium pisillum, the eustigmatophyceae Nannochloropsis sp. and the diatom
67
Phaeodactylum tricornutum [15] [16] [17] [18] . The results suggest that the carbon sources for neutral lipid 68 accumulation could be largely derived from carbohydrates and that the acetyl-CoA metabolism would
69
play an important role in driving carbon flow into TAG biosynthesis. In Nannochloropis gaditana
70
transcripts of a few genes involved in lipid biosynthesis were increased significantly during rapid 71 nitrogen deprivation [19] . Proteomics allows us to study the changes of the final products of gene ) to medium growth phase (C = 12.6 +/-1 × 10 6 cell.mL -1 ).
113
For each strain, three flasks containing 1. 
177
were detected at a 5% significance level (p-value < 0.05). Finally, these spots were refined using a q-178 value < 0.05 to discard false positives, a power > 0.8 to ensure reproducibility among gels of with the 179 same conditions and a fold number > 2 for the biological significance.
181

LC-MS/MS
182
Selected spots were excised manually, washed with 100 µL 25 mM NH 4 HCO 3 , followed by 100 µL 
187
The resulting peptide mixture was acidified by the addition of 1 µL of an aqueous solution of formic 188 acid (1% vol), stored at -20°Cand used for analysis without any further preparation.
190
Nanoscale capillary liquid chromatography-tandem mass spectrometry analyses of the digested
191
proteins were performed using an Ultimate 3000 RSLC system (Dionex) coupled with a LTQ-Orbitrap
192
VELOS mass spectrometer controlled by the X-Calibur version 2.1 software (Thermo Scientific).
193
Chromatographic separation was conducted on a reverse-phase capillary column (Acclaim Pepmap
194
C18 2µm 100A, 75-µm i.d. × 15-cm length, Thermo-Scientific) at a flow rate of 300 nL.min 
221
The coding sequence (CDS) that contained peptides identified by MS were blasted (BLAST-X) was used. The growth patterns of the two strains showed some similarity (Fig. 1) . The stationary 237 phase was reached in four days, and maximal cell concentrations were quite different between the 238 strains (3.7 × 10 6 cell.mL -1 for WT, and 3.0 × 10 6 cell.mL -1 for S2M2) ( 248 Surprisingly, this increase did not continue so highly in the wild-type strain during the stationary phase, between 3 and 6 in S2M2 cells (Fig. 3) . Droplet sizes appeared larger in S2M2 cells than in WT cells.
264
These results are in accordance with the spectrofluorometic and cytometric analysis that showed 
292
57 spots showing significant differences on analytical gels (Fig. 4) 
320
Thirteen proteins identified in this study were less abundant during nitrogen starvation (Tab. 2).
321
These include three plastidal ribosomal proteins, the CF1 beta subunit of ATP synthase and the two 
360
Homologs were found in the prymnesiophyte Pleurochrysis carterae transcriptome and in the P.
361
tricornutum genome, but not in other algae species, even in other prymnesiophyte transcriptomes. 
Proteins impacted by strain selection and nitrogen starvation
417
We focused on six proteins whose abundance was similar between strains during exponential 418 phase (i.e. when lipid accumulation was the same) and whose abundance was different at early 419 stationary phase, when lipid accumulation was much higher in strain S2M2 than WT.
420
The two spots identified as a FabG (spot 3009) and "FabG domain-containing conserved unknown 
